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Digital Three-Phase 
Sinewave Generator 


C. Valens 


Generating three sinewave signals with constant relative 
phase offsets of 120 degrees using analogue circuitry is not 
always easy, especially if it is desired to cover a wide fre- 
quency range. The circuit shown here solves this problem 
in a digital manner, which yields a frequency range of 
nearly 0 Hz to more than 100 MHz with a fully constant 
phase offset of 120 degrees. Furthermore, it costs only a 
couple of pounds to build. 

The heart of the circuit shown in Figure 1 is formed by IC2, 
which is an 8-bit shift register wired as a 6-bit Johnson 
counter. A Johnson counter does not simply count directly 
from zero to the maximum possible count in equal incre- 
ments, but instead jumps around from one count to the next 
in a more or less complicated manner. Let’s see how this 
works. At the beginning, the shift register contains only 0’s. 
A logic 1 is thus present at the A input (pin 1). With the first 
clock pulse, the shift register moves all of its bits one posi- 
tion to the right, so the value at the input lands at the first 








bit (Qa). After six clock pulses, Qa—OQf will all hold logic 1’s, 
and the value at the input of IC2 will change to a logic 0. 
After six more clock pulses, bits Qa—Qf will again be all 
logic 0’s, and the cycle will start over from the beginning. 

If we view bits Qa—Of as a 6-bit binary word, with Qa as the 
msb and Qf as the lsb, we see the following sequence of 
numbers: 0, 32, 48, 56, 60, 62, 63, 31, 15, 7, 3, 1. If we plot 
this series, it looks like a distorted squarewave signal (Fig- 
ure 2). It also bears a certain resemblance to a sinewave. 
Using a resistor network, we can make a special D/A con- 
verter that further shapes this waveform to produce a quite 
proper sinewave. Admittedly, it still has steps, but we can 
get rid of them with a low-pass filter. 

In order to generate the promised three phases, we only 
have to repeat the above trick with time-shifted versions of 
the basic signal. A time shift can easily be implemented in 
digital form using shift registers. One period of our 
sinewave contains 12 clock pulses, so each clock pulse 
corresponds to 360+12 = 30 degrees. For a phase differ- 
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ence of 120 degrees, we need another four bits, and for 240 
degrees we need eight bits. That brings the total number 
of bits needed to generate the three sinewaves to 14. We 
had two bits left over in the IC, so a second 8-bit shift reg- 
ister IC3) is sufficient. 

There’s one very small catch here, which has to do with the 
contents of IC2 immediately after the circuit is switched on. 
In general, it will contain all zeros, but that is not guaran- 
teed. If one of the initial bits is not a 0, there’s not much left 
of our sinewave generator. We thus have to ensure that the 
shift register is always empty immediately after the circuit 
has been switched on. Our solution to this problem is a 
simple R-C network (R2/C2) that drives the reset inputs of 
IC2 and IC3. 

Naturally, a clock signal is needed to cause the shift regis- 
ters to shift. In this circuit, the clock is provided by an oscil- 
lator composed of ICla, Rl and Cl. This is not a highly sta- 
ble oscillator, and the clock frequency depends somewhat 
on the make of the inverter, but it is fully satisfactory as a 
test clock. If you need a more stable clock, you could use a 
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crystal oscillator. With values of 10 KQ for R1 and 4.7 nF for 
Cl, this oscillator generates a frequency of around 30 kHz, 
which yields a sinewave frequency of 2.5 kHz. 


We c an conclude with a few practical remarks and tips: 

— A low-pass filter is needed to convert the stepped digital 
sinewave into a smooth analogue sinewave. A simple 
R-C network followed by a buffer is adequate in most 
cases. Component values are not given for the filters 
shown in the schematic drawing, since the proper values 
depend on the chosen oscillator frequency. 

— The length of the Johnson counter can be modified to 
increase or decrease the accuracy of the generated 
sinewaves. Don’t forget to modify the values of resistors 
in the D/A networks accordingly, since the sampling 
points shift when the counter length is changed. 

—It is also possible to use other phase offsets. For exam- 
ple, it is very easy to make a quadrature oscillator by 
shifting the whole network around R10 and its equivalents 
up a bit. 

— The resistance values shown in the schematic can best 
be approximated using resistors from the E12 series. If 
you want to be more precise, you can use 1%-tolerance 
resistors. We leave the necessary calculations as an exer- 
cise for the reader. A spreadsheet program and Kirchoff’s 
laws are the most convenient tools for this. 

— Resistors R2, R16 and R23 must be large with respect to 
the remaining resistors, in order to ensure that the avail- 
able dynamic range can be utilised to the greatest possi- 
ble extent. 

—To generate high frequencies, you naturally must use 
components that are suitable for operation at such fre- 
quencies. 
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